Background
==========

Prostate cancer (PCa) is generally described as a disease of aging and is rarely seen in young patients \[[@b1-medscimonit-22-3935]\]. However, in the past few years, epidemiological studies have revealed that the onset age of PCa is 1--5 years earlier in Europe and America \[[@b2-medscimonit-22-3935]\]. The morbidity of Pca patients aged \<55 years accounts for this clearly increasing trend. Moreover, Pca mortality at the age of ≤55 years is extremely low, but rises rapidly in men aged \>55 years. Based on the above-mentioned characteristics, we usually regard 50--55 years of age as the demarcation point between younger and older patients in the literature \[[@b3-medscimonit-22-3935]\]. Nowadays in China, because of an aging population, changes in dietary intake, rural population urbanization, and the development of PSA examination techniques, PCa exposure factors have changed, resulting in an apparent escalating trend of morbidity. Among patients ≤55 years, an upward trend of incidence has become a cause of concern. We reviewed a series of foreign studies and found that the clinical manifestation, pathological features, treatment modalities, and prognosis significantly differ in PCa patients who are ≤55 years old. In this study, results from 106 patients aged ≤55 years from a single center in China are reported.

Material and Methods
====================

The study protocol received approval from the Human Ethics Committee, Tianjin Medical University Cancer Institute and Hospital, China. Written informed consent was obtained from each subject prior to inclusion in the study. This study is registered with ClinicalTrials.gov (NCT02605226, NCT02615223).

Clinical materials
------------------

A total of 835 patients with PCa were admitted to Tianjin Medical University Cancer Institute and Hospital between January 2005 and June 2015, of which 106 patients aged ≤55 years were enrolled in this study. Histological diagnosis was classified according to the World Health Organization classification of tumors: "Pathology & genetics of tumours of the urinary system and male genital organs, 2004." Clinical stages were defined by the American Joint Committee on Cancer system, 6th edition (2002). Age groups were stratified according to the Chinese Cancer Registry Annual Report \[[@b4-medscimonit-22-3935]\]. Patients' comorbidity profiles were scored using the Charlson Comorbidity Index (CCI) \[[@b5-medscimonit-22-3935]\], and were stratified into two groups: 0 and ≥1.

Follow-up and efficacy evaluation
---------------------------------

Follow-up was commenced on the day of diagnosis confirmation. Outpatient follow-up or telephone follow-up was up to June 2015. The primary endpoint of follow-up was death. Local therapy was defined as surgery, radioactive seed implantation, cryotherapy, or external beam radiotherapy. Castration-resistant prostate cancer (CRPC) was defined using two Prostate Cancer Working Group criteria: 25% PSA increase from the androgen deprivation therapy (ADT), PSA nadir, and a PSA increase to 2 ng/mL \[[@b6-medscimonit-22-3935]\].

Statistical methods
-------------------

The statistical analysis was carried out using SPSS software version 17.0 (IBM Corporation, Chicago, Illinois, USA). Population statistics and basic features were summarized through descriptive data, measurement data used the independent-sample t-test, enumeration data comparison adopted the chi-square test, and the overall survival curve was calculated using the Kaplan-Meier method. Nine prognostic factors (PSA value, CCI score, T staging, lymph node metastasis, bone metastasis, visceral metastasis, pathological type, Gleason sum, and local therapy) were evaluated by univariate analysis. Significant variables of prognostic factors were used in the subsequent multivariate analysis using Cox's proportional hazards model. All *P* values \<0.05 were considered to indicate statistical significance.

Results
=======

The clinical and pathological characteristics of patients are shown in [Table 1](#t1-medscimonit-22-3935){ref-type="table"}.

Age of onset
------------

The median age of onset was 53 years (range, 16--55 years). Patients aged 55 years, 45--49 years, 40--44 years, 35--39 years, 30--34 years, and below 30 years accounted for 78.3% (83/106), 11.3% (12/106), 2.8% (3/106), 2.8% (3/106), 0.9% (1/106), and 3.8% (4/106) of cases, respectively. The median age of onset for patients with acinus carcinoma and non-acinus carcinoma was 53 and 46 years, respectively. The statistical difference was obvious (t=61.801, *P*\<0.001).

Main clinical symptoms and manifestations
-----------------------------------------

A total of 73.6% (78/106) of patients were hospitalized because of nonspecific lower urinary tract symptoms, which are commonly accompanied by dysuria; patients hospitalized on account of metastatic bone pain, elevated PSA discovered by health examination, hematuria, deep venous thrombosis, and discovery of metastatic cervical lymph nodes, lower limb movement disorder, and difficult defecation accounted for 8.5% (9/106), 6.6% (7/106), 3.8% (4/106), 2.8% (3/106), 1.9% (2/106), 1.9% (2/106), and 0.9% (1/106) of cases, respectively. The median time from symptom manifestation to diagnosis clarification was 3.5 months (range, 2--55 months).

Baseline PSA value
------------------

A total of 13 patients had a PSA that was less than 4.0 ng/mL, accounting for 12.3% of the group. There were four patients with acinus carcinoma and nine patients with non-acinus carcinoma. The statistical difference was obvious (*P*\<0.001) ([Table 2](#t2-medscimonit-22-3935){ref-type="table"}).

Main complications
------------------

Patients with a CCI score of 0 and patients with a score of ≥1 accounted for 84.9% and 15.1% of cases, respectively. Six patients experienced two complications, and 10 patients had one complication. Type 2 diabetes was the most common complication (8.5%, 9/106), followed by hypertension (7.5%, 8/106) and coronary heart disease (2.8%, 3/106).

Pathological characteristics
----------------------------

Patients with acinus carcinoma and non-acinus carcinoma accounted for 88.8% and 11.3% of cases, respectively, including 16.7% neuroendocrine neoplasm, 41% sarcomatoid carcinoma, 16.7% rhabdomyosarcoma, and 8.3% leiomyosarcoma, stromal sarcoma, and squamous-cell carcinoma. Gleason grades (sum) demonstrated that 8.5%, 20.8%, and 61.0% of patients had a Gleason score of 2--6, 7, and 8--10, respectively. Four patients with sarcoma and one patient with squamous carcinoma were not suitable for Gleason scoring.

Clinical staging
----------------

Patients in T2 staging accounted for 26.4% of cases, including 67.9% of T2N0M0 cases. Nine other patients were diagnosed with lymphatic metastasis and/or distant metastasis, and nine patients with sarcoma were not suitable for tumor-node-metastasis (TNM) staging (3.8%). The lymphatic metastasis rate was 32.1% (34/106). Among them, 32 patients with acinus carcinoma and two patients with non-acinus carcinoma had lymphatic metastasis; however, this was not statistically significant (*P*=0.225). The occurrence rate of osseous metastasis was 50.9%. Fifty-two patients with acinus carcinoma and two patients with non-acinus carcinoma had osseous metastasis. The lymphatic metastasis occurrence was statistically significant (*P*=0.012). The occurrence rate of visceral metastases was 18.9%. Among them, 18 patients with acinus carcinoma and two patients with non-acinus carcinoma had visceral metastases; however, this was not statistically significant (*P*=0.836) ([Table 2](#t2-medscimonit-22-3935){ref-type="table"}).

Treatment methods
-----------------

Primary treatment was as follows: 17 patients received local therapy, 24 patients received local therapy combined with ADT, 3 patients received local therapy combined with chemotherapy, 61 patients received ADT, and 1 patient was treated with chemotherapy only. To summarize, 44 patients underwent local therapy and accounted for 41.5% of cases; 85 patients (80.2%) were administered endocrinotherapy.

A total of 91.8% (78/85) patients developed castration-resistant disease, and the median duration of PCa sensitivity to ADT (defined as the time from ADT initiation to the onset of castration resistance) was 10.5 months (range, 6--23 months). Treatment of castration-resistant patients included chemotherapy with docetaxel (79.5%, 62/78), second-line hormonal therapy (11.5%, 9/78), and novel agents (9.0%, 7/78).

Treatment effects and influencing factors
-----------------------------------------

The median follow-up was 53 months (range, 12--98 months). During this period, 50.9% (54/106) of patients died. Patients who died of tumor-related and non-tumor-related diseases accounted for 96.3% and 3.7% of cases, respectively. The median overall survival (OS) was 52 months (range, 2--109 months). The 1-, 3- and 5-year OS rates were 88.7%, 66.2%, and 36.0%, respectively. Univariate ([Table 3](#t3-medscimonit-22-3935){ref-type="table"}) and multivariate ([Table 4](#t4-medscimonit-22-3935){ref-type="table"}) analysis showed that T staging (*P*\<0.001), visceral metastasis (*P*=0.027), pathological pattern (*P*=0.023), Gleason sum (*P*\<0.001), and local therapy (*P*=0.013) were independent prognostic factors in these patients ([Figure 1](#f1-medscimonit-22-3935){ref-type="fig"}).

Discussion
==========

Despite the relatively lower incidence of PCa in Asian countries \[[@b7-medscimonit-22-3935]\], an upward trend has become apparent in recent years. According to data from the 2012 Chinese Cancer Registration Annual Report, between 1998 and 2008, the increases in incidence in patients aged ≤55 years are similar to the data on the same age group in the USA, up to 50% or more. In China, the population aged ≤55 years is an important work force with a longer life expectancy, and understanding the clinical characteristics and influencing factors of PCa, in parallel with early prevention and intervention, is critical not only in this population but particularly in developing countries.

PCa onset in patients aged ≤55 years is not easy to detect. In this group, only 26.4% of patients were diagnosed at the limited-disease stage (T2 stage), which differs significantly from the percentage in developed countries \[[@b8-medscimonit-22-3935]\]. The causes were outlined as follows: patients have no typical clinical symptoms, and when a progressed tumor is involved in the urethra and other adjacent organs, it is easily mixed up with prostatic hyperplasia. Moreover, China has not yet established a perfect screening mechanism, so it is hard to discover PCa via active monitoring. Additionally, some doctors lack the necessary understanding or don't think they need to give attention to young PCa patients, which is the main reason for missed diagnoses or misdiagnoses. This, then, results in a longer time from seeing a doctor to obtaining a correct diagnosis, at which point most patients are at intermediate and advanced stages.

PCa clinical development is relatively slow. Therefore, the impacts of PCa screening are more obvious than for other tumors. Epidemiological studies show that tumor de-differentiation is the main mechanism of PCa progression. Different conclusions have been made regarding whether PSA screening enables diagnosis at an earlier stage \[[@b9-medscimonit-22-3935]--[@b11-medscimonit-22-3935]\]. However, these sub-clinical (preclinical stage) tumors \[[@b12-medscimonit-22-3935]\] can be identified up to an average of 10 years in advance, which may allow early-stage diagnosis \[[@b9-medscimonit-22-3935],[@b10-medscimonit-22-3935]\]. Based on PSA screening, while the incidence in developed countries is higher than that in developing Asian countries, the mortality is lower \[[@b13-medscimonit-22-3935]\] and shows a downward trend \[[@b14-medscimonit-22-3935]\]. Compared with PSA values of older patients, PSA values of young patients suffer from less interference \[[@b15-medscimonit-22-3935]\], so these patients are most likely to benefit \[[@b16-medscimonit-22-3935],[@b17-medscimonit-22-3935]\] from PSA screening. Therefore, it is critical to set up a screening system suitable for clinical practice in China that pays particular attention to high-risk populations aged ≤55 years.

Patients in Asian countries present with high-grade PCa, in contrast to Europe and America \[[@b18-medscimonit-22-3935]\]. Previous research also revealed that young PCa patients at a high-grade local progressive stage were 3--5-fold \[[@b19-medscimonit-22-3935]\] more common than elderly patients who died because of PCa. Our data showed that, among PCa patients ≤55 years of age, poorly differentiated adenocarcinoma accounted for 68.1% (64/94) of cases, a percentage that is much higher than the SEER data \[[@b20-medscimonit-22-3935]\]. Additionally, studies suggest that the lower the PSA level, the poorer the differentiation \[[@b21-medscimonit-22-3935]\]. Neuroendocrine tumors and sarcomatoid carcinoma may lose their ability during differentiation, and non-acini carcinomas do not even secrete PSA, showing a normal PSA level. In this group, non-acini carcinoma accounts for 11.3% (12/106) of cases, which is significantly higher than the percentage observed in the USA (1.5%) \[[@b20-medscimonit-22-3935]\]. These are important explanations for the poor prognosis of young Chinese PCa patients.

A relatively high percentage of PCa patients have metastasis, which mostly occurs to the bone. Many occurrences are concomitant with liver and/or lung metastasis, while viscus metastasis is an independent risk factor (HR: 2.232, 95% CI: 1.097--4.542) that affects prognosis. Past reports showed that the survival and prognosis of patients with bone metastasis and internal organ metastasis were significantly inferior to the survival and prognosis of patients with simple bone metastasis \[[@b22-medscimonit-22-3935]\]. mCRPC patients who underwent docetaxel therapy had the worst prognosis because of liver metastasis, followed by lung metastasis, while the prognosis of patients with bone metastasis is better \[[@b23-medscimonit-22-3935]\]. The mechanism with regards to the poor prognosis of patients with viscus metastasis is not clear. Current studies suggest that differences exist in the clones of various metastatic positions, as well as gene expression, microenvironment, and treatment response. This is thought to cause differences in prognosis \[[@b24-medscimonit-22-3935]\].

Five-year OS (36.0%) in PCa patients aged ≤55 years in this group is similar to that of patients in Japan (36.3%), but significantly lower than that of European and American populations (82%) \[[@b25-medscimonit-22-3935],[@b26-medscimonit-22-3935]\]. Endocrine therapy is a first-line treatment for PCa but not satisfactory in this age group. The median time after endocrine therapy before PCa patients aged ≤55 years developed CRPC was only 10.5 months, similar to that reported by Ribeirio et al. \[[@b27-medscimonit-22-3935]\] (11 months). Hussain et al. \[[@b28-medscimonit-22-3935]\] suggested that the shorter the effective time of hormonal therapy, the worse the prognosis. Humphreys et al. \[[@b29-medscimonit-22-3935]\] discovered that the median time before development of CRPC and the OS of PCa patients aged \<55 years were significantly inferior to those of patients in the older age group. The specific mechanism underlying this difference remains unclear. Recently, some researchers proposed that genetic factors may significantly influence young PCa patients. Indeed, Forrest et al. \[[@b30-medscimonit-22-3935]\] suggested that 43% of PCa patients \<55 years had genetic susceptibility. Moreover, low-age PCa was associated with genetic susceptibility to gene rearrangement \[[@b31-medscimonit-22-3935]\], showing that androgen mediates related ETS gene fusion, directly mediates AR activities, and affects endocrine treatment outcomes.

Young patients have a good tolerance to drugs and aggressive treatment because of fewer concomitant diseases. In the USA, approximately 84.9% of young patients undergo local therapy \[[@b19-medscimonit-22-3935]\] to achieve a cure; however, only 41.5% (44/106) of patients in this group in our study were given local therapy, which represents a significant difference. This is likely to be because the disease was in the advanced stage in these patients. At present, with regard to metastatic PCa, greater emphasis is placed on whether local therapy will achieve a benefit. The SEER data \[[@b32-medscimonit-22-3935]\] between 2004 and 2010 showed that local radical treatment or radiotherapy may benefit survival of patients with metastatic PCa. The study results also suggest that, compared with simple endocrine therapies, combined local therapy contributes to increased OS (*P*=0.013). This indicates that local therapy has an important role in the treatment of low-age PCa.

As a retrospective study, the present work has some limitations. First, PET-CT scans were not routinely performed in the evaluation of patients; thus, lymph node and visceral metastases may be underestimated. Second, some potential risk factors were not included and analyzed, such as obesity \[[@b33-medscimonit-22-3935]\] and the consumption of dietary fat \[[@b34-medscimonit-22-3935]\]. Finally, as hereditary PCa is common among men with early-onset PCa \[[@b3-medscimonit-22-3935]\], the impact of genetic factors on these patients should also be considered.

Conclusions
===========

PCa patients aged ≤55 years are easily omitted or misdiagnosed, and are more likely to be diagnosed at an advanced stage. Therefore, it is critical to set up a screening system suitable to this population. The pathology patterns at this age are complicated and characterized by a high degree of malignancy and a relatively high percentage of metastasis. Late staging, visceral metastasis, pathological pattern, and high Gleason score were independent prognostic factors in these patients. Endocrine therapy alone is not sufficient to counteract the poor prognosis of this population. Comprehensive therapy combined with local therapy has contributed to improved prognosis and is worthy of further exploration.
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###### 

Patient clinicopathological features.

  Patient characteristics                     
  ------------------------------------------- ----------------------
  Age, yr, median (range)                     53 (16--55)
  Follow-up, mo, median (range)               53 (2--109)
  PSA level, ng/dl, median (range)            82.4 (0.14--5385.00)
  From symptom to Dx, mo, median (range)      4 (1--20)
  CCI score no. (%)                           
   0                                          90 (84.9%)
   ≥1                                         16 (15.1%)
  Pathological pattern, no. (%)               
   Acinous carcinoma                          94 (88.7%)
   Other                                      12 (11.3%)
  Status of lymph nodes metastases, no. (%)   
   Metastases                                 40 (37.7%)
   No metastases                              66 (62.3%)
  Status of bone metastases, no. (%)          
   Metastases                                 56 (52.8%)
   No metastases                              50 (47.2%)
  Status of Visceral metastases, no. (%)      
   Metastases                                 20 (20.8%)
    Liver Metastases                          12 (11.3%)
    Lung Metastases                           10 (9.4%)
   No metastases                              86 (79.2%)
  Clinic T stage, no. (%)                     
   T2                                         28 (26.4%)
   T3                                         45 (42.4%)
   T4                                         29 (27.4%)
  **Unstaged**                                4 (3.8%)
  Gleason sum, no. (%)                        
   ≤6                                         10 (9.4%)
   7                                          22 (20.8%)
   8--10                                      69 (65.1%)
  **Unscored**                                5 (4.7%)
  Primary treatment                           
   Local therapy                              17 (16.0%)
   Local therapy + ADT                        24 (22.6%)
   Local therapy + chemotherapy               3 (2.8%)
   ADT                                        61 (57.5%)
   Chemotherapy                               1 (0.9%)

PSA -- prostate specific antigen; Dx -- diagnosis; CCI -- Charleston comorbidity index, CRPC -- castration resistant prostate cancer; ADT -- androgen deprivation therapy; mo, month.

###### 

Comparison of metastasis characteristics in patients with adenocarcinoma and non-acinus carcinoma and PSA levels.

  Variable               Adenocarcinoma (n=94) (%)   Non-acinus carcinoma (n=12) (%)   χ^2^     *P*
  ---------------------- --------------------------- --------------------------------- -------- ---------
  Lymphatic metastasis                                                                 1.475    0.225
   Absent                62 (66.0)                   10 (83.3)                                  
   Present               32 (34.0)                   2 (16.7)                                   
  Osseous metastasis                                                                   6.362    0.012
   Absent                42 (44.7)                   10 (83.3)                                  
   Present               52 (55.3)                   2 (16.7)                                   
  Visceral metastases                                                                  0.043    0.836
   Absent                76 (80.9)                   10 (83.3)                                  
   Present               18 (19.1)                   2 (16.7)                                   
  PSA                                                                                  53.313   \<0.001
   \<4 (ng/ml)           5 (5.3)                     10 (83.3)                                  
   ≥4 (ng/ml)            89 (94.7)                   2 (16.7)                                   

###### 

Univariate analysis of clinicopathological factors and survival time of prostate cancer patients of ≤55 years.

  Predictor                     Median survival (95%CI) (mo)   χ^2^     *P* value
  ----------------------------- ------------------------------ -------- -----------
  PSA                                                          0.016    0.899
   \<20 ng/ml(n=31)             59 (27.5--90.5)                         
   ≥20 ng/ml(n=75)              52 (41.0--63.0)                         
  CCI score                                                    0.045    0.832
   0 (n=90)                     54 (40.9--67.1)                         
   ≥1 (n=16)                    44 (35.4--52.6)                         
  T staging                                                    31.789   \<0.001
   T2 (n=28)                    91 (70.1--111.9)                        
   T3 (n=45)                    52 (39.1--64.9)                         
   T4 (n=29)                    26 (18.0--34.0)                         
  Lymphatic metastasis                                         3.141    0.076
   Absent (n=66)                57 (40.1--73.9)                         
   Present (n=40)               37 (33.7--40.3)                         
  Osseous metastasis                                           0.051    0.822
   Absent (n=50)                54 (43.6--64.4)                         
   Present (n=56)               45 (37.1--52.9)                         
  Visceral metastasis                                          11.641   0.001
   Absent (n=86)                57 (48.3--65.7)                         
   Present (n=20)               28 (16.2--39.8)                         
  Pathological pattern                                         23.159   \<0.001
   Acinous carcinoma (n=94)     55 (44.6--65.4)                         
   Non-acinus carcinoma(n=12)   10 (5.0--15.0)                          
  Gleason sum                                                  18.364   \<0.001
   2--6 (n=10)                  100 (5.5--194.5)                        
   7 (n=22)                     60 (32.5--87.5)                         
   8--10 (n=69)                 40 (32.6--47.4)                         
  Local therapy                                                         
   Without(n=62)                45 (35.9--54.1)                7.274    0.007
   With(n=44)                   73 (42.4--103.6)                        

###### 

Multivariate analysis of prostate cancer patients of ≤55 years.

  Predictor              Hazard ratio   95% CI         *P* value
  ---------------------- -------------- -------------- -----------
  T staging              2.644          1.678--4.166   \<0.001
  Visceral metastases    2.232          1.097--4.542   0.027
  Pathological pattern   2.996          1.166--7.699   0.023
  Gleason sum            4.454          2.029--9.774   \<0.001
  Local therapy          0.408          0.202--0.825   0.013
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